A Project Estimator cannot claim that his/her estimated duration is better than others. They can determine the reasonable duration based on deterministic and probabilistic factors affecting the duration and then specify how to achieve it. This condition provides an overview that the activity duration changeable stochastically as a result of uncertainty-factors. However, we have a presumption that the activities duration will be normally distributed based on variation of its production rate per day (PRPD). The purpose of this study are (i) estimating the normal duration of the project activities using PRPD; and (ii) conducting the hypothesis testing for the PRPD normality of the project activities in South of Aceh. Hypothesis testing toward six-activities from 50 projects in South of Aceh will be used to achieve research objectives. Result shows PRPD normally distributed with skewness value still falling inside tolerance range of -1/+1. We argue that the normal duration of activity can be estimated more quickly involving its normal PRPD. An estimator does not need to predict what the factors affecting the duration estimation, especially in the bidding/tender process. They only need the normal PRPD as a standard value, to estimate, to assess and to verify the normality level of actual duration for the purpose of project decision.
Introduction
The normal duration has an important role in the construction project in terms of the possibility of carrying out the project with reasonable effort. The normality of the activity duration may differ from one to another contractor even in the same project region/municipal. It is due to many factors/variables that affect each other, especially when estimating duration, which includes risk factor scheduling [1] , unpredictable factors as a geographical factor [2] , weather/climate [3] , [4] , etc. This condition provides an overview that the duration of each activity may change stochastically as a result of uncertainty-factors. The managers of Projects need to determine the scheduling time as quick as possible, as a requirement when bidding [5] , [6] , before conducting a technical analysis to achieve the predetermined duration. Therefore, they need to know the normal duration in order to conduct the project in the normal time span.
This study will propose a normal analysis of duration that refers to the normality of production rate per day (PRPD). It is based on Duration and PRPD relationships which basically have negative correlation or the bigger PRPD the smaller ND or vice versa. Based on this condition, the aims of this research are (i) estimating the normal duration of the project activities using the normal production rate per day (PRPD); and (ii) conducting the hypothesis testing for the PRPD normality of the project activities in South of Aceh region. Each contractor generates PRPD of activity that varies depending on the techniques and methods of work that are familiar with them. Although PRPD could differ from one to another contractor, we have a presumption that it will be normally distributed.
The method that is used to measure the normal duration is a central tendency approach of the mean parameters of the PRPD distribution that is based on the perceptions of the contractors in the project site. A total of 50 data have been collected from the respondents of the building contractors with small/medium qualification categories and its domiciled in South of Aceh region. The PRPD is the normally distributed if the statistical test results determining the null hypothesis is accepted or there is no reason to reject the null hypothesis. The null hypothesis in this study is the sample data of PRPD are not significantly different than its normal population, or this condition is said as the PRPD normal distribution.
In this study, we conclude that the duration of activities of the project in South of Aceh region is normally distributed. This result is in line with the result of Jiang's research where 93.72% of the 32 activities surveyed were normally distributed [7] . We argue the normal duration of the project activity can be estimated from its normal PRPD as well. We argue that the normal duration of the project activity can be estimated from its normal PRPD, and we also argue that duration estimation without involving its PRPD will lead to a less accurate of the project schedule. This is reinforcing Kannan's point of view that estimating the project implementation period requires a PRPD-based comprehensive approach to achieving the greatest possible completion of the project [8] . The formulation that can be used to analyse the normal duration (normally distributed) is the quantity take-off (QTO) of activity divided by the normal PRPD that should conform with normally distributed.
State of the art
The concept of estimated duration using the distribution has been known using PERT (Technical Review Evaluation Program) where the main objective is to create the project duration distribution. Based on the PERT Theory, project duration follows the normal distribution, with the mean being the result of time analysis based on the average duration of activity and variance [9] .
The normal distribution is built based on two parameters, namely, mean μ and standard deviation σ. Mean μ is one of the centralized data measures, while the standard deviation σ is the measure that describes the distribution of data [10] . The PRPD as a component of duration is a random variable that has a certain distribution. There are three statistical distribution models most commonly used in PRPD analysis, namely exponential distribution, normal distribution, and the lognormal distribution [7] . The development of the normal distribution is based on probability density functions (PDF), as shown in Formula (1).
(1)
Where, x represents a random variable, μ as the mean or expectation (it could be median or mode) of the normal distribution, and σ 2 as the variance of the random variable. The scientists have agreed that a random variable as a normal distribution requires a goodness of fit test by conducting hypothesis (as a mutually exclusive of population data that supported by the data sample) for evaluating of the two statements of the null hypothesis (Ho) and the alternative hypothesis (Hi) [11] .
The number of the duration required to complete the project activity can be estimated using the formula (2) . Where, D represents the duration of the activity; Q as the quantity of activity; and P as the production rate per day (PRPD) of activity.
Production rate is the number of goods/works quantity that can be produced during a given period of time [7] . Production rate has a very important role in various fields, especially construction that has a number of activities in large quantities. We need to know the production rate to speed up estimation of the activity duration, especially in the main item of project activity requiring the on-site fabrication, such as formwork [12] , rebar work [13] , concrete work [14] , etc.
Method
In this paper, we describe a technique for analysing the normal duration with the PRPD approach with normally distributed presumption, as the framework in Fig.1 . This research was conducted in South of AcehIndonesia. The subjects of this research are the building contractors, where the respondents are the director, or project manager, or project estimator, as it's characteristics in fig. 2 . Hypothesis chi-squared goodness of fit tests [10] used to test the frequency of actual data and normal distribution frequency of population duration with values of level significance at level α=0.05 (confidence level 95%); and discount factor df = n -1 (df=49).
Ho: χ 2 < χcritic (There is no reason to reject the null hypothesis), this means that the PRPD sample data does not differ significantly from the normal population, or the PRPD is normally distributed.
Ho: χ 2 ≥ χcritic (reject the null hypothesis and accepted the alternative hypothesis), this means that the PRPD sample data differ significantly from the normal population.
The Goodness of fit test is performed using the chisquare formula (χ 2 ), as shown in formula (3).
Where Oi is the observed frequency, k is categories, and Ei is the expected frequency.
We have collected 50 data for six of sub-activities which are from 2 main activities (main concrete column and practical column). These activities are concrete casting of main column (activity A), rebar work of main column (activity B), and formwork of main column (activity C), concrete casting of practical column (activity D), rebar work of practical column (activity E), and formwork of practical column (activity F). PRPD data is scattered as random variable, as shown in Fig. 3 . 
Result

Statistic descriptive analysis
An important one to consider in performing a normality analysis, as characteristics additional of the centralized and variability of a data set, is a characterization of the skewness and kurtosis. The skewness is a measure of symmetry level, and Kurtosis is a measure relative tailed to a normal distribution (the proportion level of statistic variance in the data set distributed). The skewness values that using statistics descriptive analysis in Table 1 , indicating un-symmetry of the probability of the mean of a random variable in a normal distribution. However, a hypothesis testing with a significance level of 95% needs to be conducted regarding enough evidence toward option to reject or no reject our presumption.
Chi-Square Testing
In this stage, we will calculate the chi-square using formula (3) . The data frequency, as observed (Oi), is based on the interval using bins that showing the maximum value of the interval scale, as shown in Table  2 . The expectation (Ei) is the frequency of the PDF of the normal curve. The result of chi-square calculation (53.77) compared with chi-square significant (based on α5% and df-49). The expectation analysis (Ei) is based on the cumulative distribution function (CDF) of standard normal distribution (SND). The cumulative value is 1 (100%) for the random of the infinite variable, as shown in Table 2 . The results in Table 2 show χ 2 < χ 2 sig. This result indicates that there is no reason to reject the null hypothesis. This means that the PRPD sample data does not differ significantly from the normal population (the PRPD is normally distributed). We have analyzed a number of six activities having a normal distribution; despite the activities have different kurtosis and skewness. The point is that hypothesis testing is a must in order to know the type of distribution of the sample represents the population. The results of goodness fit test and chi-square value for the 6 activities are shown in Table 3 .
Distibution PRPD and Normal Duration
Based on the calculation of 95% confidence interval of the PRPD normal distribution in South of AcehIndonesia, it can be determined that PRPD varies with range constraints as shown in Table 4 . Based on normal PRPD can be determined normal duration by using equation (2) . We estimate the normal duration of 50 contractor respondents by using their project quantity take-off (QTO) as shown in Table 5 . Normal values of this duration can be used to review and verify the actual duration of their project. This is an opportunity for another researcher for future research.
Discussion
Skewness of the normal distribution
The skewness value shown in Table 1 indicates that the distribution has an asymmetry of the normal distribution. The trade-off between the normal distribution and nonnormal distribution is illustrated by how far the skewness value of the observational data from zero skewness. The result of the goodness of fit testing in this research shows that the highest skewness value (0.82), on activity C of this research, indicates that the distribution is a normal distribution. This condition is in line with statement that skewness values falling outside the range of -1 to +1 indicate a substantially skewed distribution [15] .
Normal distribution of PRPD
The activities duration is a random variable that caused by PRPD changing stochastically and uncertainty in conducting day to day project activity. Project managers in South of Aceh region could quickly determine the duration of activity by referring to this research. This study has been able to determine the average normal duration of any activity that is based on the mean PRPD normal. An illustration of the normal duration pattern of activity-A based on the observed of the PRPD frequency distribution is shown in Fig. 4 . Although skewness caused by the largest mode in PRPD of 5 m 3 /day compared to the average PRPD of 6.58 m 3 /day, a project manager can choose a PRPD alternative within the range from 5 to 6.58 m 3 /day as a PRPD option. This study shows all the activities surveyed (100% of 6 activities) have a normal distribution as a result of the hypothesis testing in this study. It is consistent with the result of Jiang's research, where 93.72% of the 32 activities surveyed were normally distributed [7] .
Estimating the normal duration using PRPD
The estimating duration of activity can be conducted using several techniques. The formula (2) shows that the estimating duration technique can be determined by assessing the PRPD value of the activity although there is a difference of the activity quantity of each project. This is the practical technique that can be used by the project manager as technical justification to develop a project schedule. This is in line with the opinions of Liu which provide an overview of the Production rate of activity is an important stage in the development of the schedule and project management [16] . The model using the PRPD approach to estimation of duration in the captive process is recommended if the available resources are unlimited [7] . The approach is also very easy to implemented using current software [17] . The estimation result of duration especially in South of Aceh region is shown in Table 5 .
Conclusion
This study performs a normal duration analysis based on a normal PRPD. The normal PRPD is obtained from a centralized tendency of the mean of a normally distributed PRPD. The descriptive statistics analysis generates the non-zero skewness and kurtosis which allows the distribution of PRPD not normally distributed or un-symmetry of the distribution curve. Even though, the hypothesis testing using chi-square result shows that the six of activities in this research (Activity of A, B, C, D, E, F) show PRPD normally distributed. The normal PRPD is successful of 6.58 m 3 , 362.10 kg, 45.7 m 2 , 1.79 m 3 , 222.16 kg, and 2.11 m 2 , as shown in Table 4 . This condition shows that the project estimator does not need to predict what the factors affecting the duration estimation, especially in the bidding/tender process. They only need the normal PRPD regarding estimate the normal duration of the project activity. Normal PRPD values can be used as a standard value to assess and to verify the normality level of actual duration for the purpose of project decision (actual duration could be upper or lower of the normal duration).
